Background: According to the current clinical guidelines, chemoradiotherapy is considered the standard treatment for locally advanced non-small cell lung cancer (NSCLC). We analyzed the prognostic effect of adjuvant chemotherapy (ACT) in resected patients using the new eighth tumor node metastasis (TNM) staging systems based on the Surveillance, Epidemiology and End Results database. Methods: We identified 3008 patients with stage IIIA NSCLC (T4N0M0) who underwent sublobar resection, lobectomy, or pneumonectomy. Covariates affecting treatment selection or survival were included as part of propensity score models for matching and weighting. The effect of ACT on survival was assessed, stratified by postoperative radiation therapy (PORT) use, tumor size, and age. Results: Analyses of 2016 patients were conducted with standardized differences in covariates < 10% after matching. ACT was associated with significantly improved five-year overall survival (51.1% vs. 39.7%; P = 0.0260) in patients aged 21-65 with > 7 cm tumors, even after adjusting for the presence or absence of the superior sulcus (P = 0.0003). No significant outcomes were observed using other stratifications in the matched analysis. Moreover, ACT with PORT conferred a potential survival benefit in 21-65-year-old patients with 0-7 cm tumors (for all causes of death: hazard ratio 0.414, 95% confidence interval 0.251-0.684). Conclusion: In this population-based cohort, ACT prolonged the survival of patients aged 21-65 with a tumor > 7 cm, with or without PORT. Inverse probability of treatment weighting can estimate the treatment effect and is suitable for use with survival data.
Introduction
Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related mortality worldwide, with the vast majority of patients having locally advanced or metastatic disease (stage IIIA/IIIB or IV) at the time of diagnosis; this condition remains a challenge to management of the disease. 1 For technically resectable patients with stage IIIA NSCLC, surgical methods are recommended, despite high recurrence and mortality rates after surgery. 2, 3 The use of adjuvant chemotherapy (ACT) with or without radiotherapy for stage IIIA tumors has been validated in several clinical trials 4, 5 and is recommended in the current National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology (NCCN Guidelines). 6 However, stage IIIA-N0 patients with certain characteristics cannot definitively benefit from ACT and this point requires investigation with a large sample.
In the eighth edition American Joint Committee on Cancer (AJCC) Tumor Node Metastasis (TNM) staging system, T3 tumors > 7 cm in the greatest dimension or that invade the mediastinum were upgraded to T4; N0M0 cases among them were thus restaged from IIB to IIIA, and as a result, T4 tumors became more heterogeneous. 7 However, the prognostic value of ACT in differing tumor size and age groups is controversial. [8] [9] [10] [11] [12] Furthermore, radiation is used in most cases concomitantly with chemotherapy, which may confound assessment of the efficacy of chemotherapy. Therefore, a more detailed evaluation of the prognostic value of ACT is needed. Our study aimed to clarify the relationship between the prognostic value of ACT and tumor size and age in resected patients with stage IIIA-N0 (T4N0M0) NSCLC. Our secondary aim was to discuss the prognostic effect of ACT on patients without and with postoperative radiation therapy (PORT).
Methods

Data selection
The Surveillance, Epidemiology, and End Results (SEER) database collects cancer data from population-based registries covering approximately 30% of the United States population. 1 We used Incidence-SEER 18 Regs Custom Data submitted in November 2017 via SEER*Stat version 8.3.5 (https://seer.cancer.gov/data/). This study was reviewed by our institutional review board and classified as exempt. All procedures involving human participants were performed in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
The criteria for data selection were as follows: patients aged > 20, diagnosed between 2004 and 2015, whose NSCLC was the first or only primary tumor ( Figure S1 ). Patients diagnosed at autopsy or on their death certificate, who died within four months, or with an inexact age or tumor size were excluded. 13 We identified patients who were reclassified as T4N0M0 based on the eighth TNM staging system. 7 Calculation was manually implemented according to the CS-Tumor Size, CS-Extension, CS Mets at DX, CS Site-Specific Factor 1, Size Extension Mets SSF1 AJCC 6 tables, and Size Extension SSF1 AJCC 7 T tables from CS Coding Instruction version 02.05.
14 Some 0-7 cm tumors classified as T3 according to the seventh edition may upgrade to T4 if they involve the mediastinum; these tumors were excluded from this study because the anatomic structures of the CS-Extension code were at a value of 600, and this one code was unable to accurately distinguish these cases from T3 tumors. 15 Patients with < 1 lobe resected or who underwent lobectomy or pneumonectomy were included. Cases not administered radiation, who received radiotherapy prior to surgery, or in which a sequence was unknown were excluded.
Five-year overall survival (OS) and lung cancer-specific survival (LCSS) outcomes were determined using variables from the SEER records. Deaths from any cause based on the Vital Status Recode item, deaths attributed to NSCLC based on the Cause of Death to Site Recode item in conjunction with the ICD codes, or other causes of death were considered censoring events. Survival time was censored at the time of loss to follow-up or the date of death from other causes. 16 
Statistical analysis
Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). The baseline characteristics of each group were compared using Wilcoxon's rank sum test for age and tumor size and the chi-square test for other variables. Before analysis, we found that survival was different between patients diagnosed before and after 2010; therefore, we set a binary variable for year of diagnosis. To reduce the differences in baseline variables between groups, we used the propensity score matching (PSM) method. The exposure for the propensity score (PS) model was the presence of ACT. PSs were calculated using a logistic regression model. The PS model included covariates that were marginally associated with survival in univariate or multivariable analyses (P < 0.20), 17 as well as covariates that contributed to whether patients received ACT. Patients were matched on the basis of PS via the greedy nearest-neighbor method, with a matching ratio of 1:1. The logit-PS was multiplied by 0.2 as a caliper for matching. 18 Standardized mean difference (SMD) was adopted to evaluate the balance between covariates. An absolute value of SMD < 10% is acceptable. After matching, survival curves were estimated using the KaplanMeier method, and a paired z-test was used to compare survival curves between groups. 18, 19 In addition to matched analysis, the treatment effect was estimated using the inverse probability of treatment weighting (IPTW) using a Cox model that included receipt of ACT as a variable. This method uses weights to construct virtual samples, in which the distribution of covariables is independent of the processing allocation. 20 To avoid extreme weights that may result in unreliable outcomes, we used stabilized weights, defined as sw = pt/ps for the treated group and sw = (1 − pt)/(1 − ps) for the control group (pt denotes the proportion receiving ACT in the sample). 21 Two-tailed P values < 0.05 were considered statistically significant.
Results
A total of 3008 patients were identified from the SEER database, of which 1312 received ACT. The baseline clinical characteristics, grouped according to the presence or absence of ACT, are shown in Table 1 . Compared to patients who did not receive ACT, we observed that patients who received ACT were more likely to be younger (P < 0.0001), married (P = 0.0159), and insured (P < 0.0001), and were less likely to be white (P = 0.0376). Patients with smaller diameter tumors (P < 0.0001), who lived in a county with a higher median family income (P = 0.0235), 22 and with histology other than adenocarcinoma (P = 0.0016) and poorly differentiated (P = 0.0044) were less likely to receive ACT. The use of ACT was higher among patients who were diagnosed during or after 2010 (P < 0.0001); patients who received ACT were also more likely to receive PORT (P < 0.0001).
The complete results of univariate and multivariate analyses of OS are shown in Table 2 . Factors including the use of ACT, being female, being of a race other than white or black, living in a county with a higher median family income, lymph node examination, and diagnosis during or after 2010 led to a reduced hazard to the reference. Conversely, the use of PORT, increased age, larger tumor size, being unmarried, having a tumor that originated in the lower lobe or main bronchus or that was poorly differentiated, or the presence of squamous cell carcinoma or adenocarcinoma of mixed type all had a negative impact on survival (Table 2) . After PSM, 1008 matched pairs of patients grouped by ACT use were generated. The SMDs are shown in Table 1 , and those calculated from virtual samples generated by IPTW based on PS are displayed in Table S1 . Absolute values for the SMDs of covariates in the PS model were all < 10%, indicating that the covariates between groups were well balanced. To clearly describe the relationship between tumor size and age and the prognostic value of ACT, we stratified patients into four classes to perform survival comparison: tumors 0-7 cm, age 21-65; tumors 0-7 cm, age > 65; tumors > 7 cm, age 21-65; and tumors > 7 cm, age > 65. Survival curves based on matched analysis are shown in Figures 1 and S2-S5 .
We observed that survival significantly differed only between patients aged 21-65 with tumors > 7 cm treated without and with ACT; in the entire cohort, the five-year OS was 39.7% versus 51.1% (P = 0.0260) and the five-year LCSS was 47.8% versus 61.1% (P = 0.0579), respectively (Fig 1) . This outcome was not observed in other classes ( Figures S2-S4) . In patients who did not receive PORT in this class, the results did not significantly change (5-year OS 40.7% vs. 53.0%, P = 0.0289; 5-year LCSS 49.5% vs. 62.9%, P = 0.0321) (Fig 1) . However, in patients aged > 65 with tumors 0-7 cm, the LCSS in the group administered ACT appeared to be poorer, although there was no statistically significant difference. In the entire cohort, LCSS was 54.6% versus 51.5% (P = 0.4658), while it was 59.0% versus 53.3% (P = 0.6394) when the analysis was limited to patients not did not receive ACT PORT ( Figure S3 ). We did not perform survival comparison between patients who received PORT with patients who did or did not receive ACT in the matched analysis because the rate of radiation use in operable N0 patients was too low to allow a sufficiently large sample for a paired z-test. IPTW Cox analysis showed similar results to the matched analysis for both the entire cohort and in patients who did not receive PORT; ACT was a prognostic protective factor, specifically for patients with tumors > 7 cm and aged > 65 (hazard ratio [HR] range: 0.579-0.928 for death from any cause and 0.557-0.939 for death from lung cancer) (Figs 2, 3 ). Statistical differences were also observed in a limited number of patients aged 21-65 with 0-7 cm tumors and who received PORT (HR range: 0.251 -0.684 for death from any cause and 0.191-0.552 for death from lung cancer).
It is worth noting that there was a proportion of tumors in our study dataset (12%) > 7 cm that invaded the superior sulcus; chemotherapy is specifically recommended for these tumors. 6 Therefore, when secondary analyses were performed, we limited the sample to patients aged 21-65 with tumors >7 cm using reselected covariates that Figure 2 Results of Cox model adjusting for inverse probability of treatment weighting (IPTW) based on propensity score (overall survival). ACT, adjuvant chemotherapy; CI, confidence interval; event, dead of any cause; PORT, postoperative radiation therapy; PS, propensity score; SS superior sulcus.
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Thoracic Cancer 10 (2019) 472-482included the extent of superior sulcus invasion in a PS model. We observed that treatment with ACT still correlated with significantly improved survival after adjusting for the extent of superior sulcus invasion (entire cohort: 5-year OS 41.9% vs. 52.5%, P = 0.0003; 5-year LCSS 49.8% vs. 61.8%, P = 0.0005; limited to non-PORT patients: 5-year OS 43.1% vs. 53.2%, P = 0.0001; 5-year LCSS 51.6% vs. 62.4%, P = 0.0002) (Fig S5) . IPTW Cox analysis also correlated with the results of the matched analysis (HR range: 0.560-0.907 for death from any cause and 0.539-0.909 for death from lung cancer) (Figs 2, 3) .
Discussion
ACT has been reported to be a protective prognostic factor in resected NSCLC. 23 Chemotherapy followed by surgery in selected patients may contribute to the downstaging of tumors in addition to prolonged survival. 24 Revision of the TNM staging systems has been a major concern when analyzing treatment strategies for NSCLC. Early in the sixth staging classification, clinical trials had evaluated the effect of ACT in operable stage III patients and showed improved five-year survival of up to 35%. 10, 23, 25 However, analyses specifically for T4 (stage IIIB) tumors are limited, and the majority of participants in the trials were aged < 65. In a population-based study focused on elderly patients with T4 N0-1 NSCLCs, there was no survival improvement and severe adverse events were observed; in addition, tumors had been revised as stage IIIA in the seventh edition TNM staging systems. 10 Our analysis did not show any benefit of ACT in elderly patients, which was consistent with the latter study. The five-year OS rates in the elderly patients in our study ranged from 39.4% to 46.7% in the adjuvant treatment group and 35.8% to 43.7% in the placebo group, which were slightly higher than in earlier reports because we included only N0 patients who had undergone surgical resection and were more recently diagnosed with NSCLC, as well as whose life status was significantly better than those with N1-N2 stage IIIA.
The NCCN Guidelines indicate that tumor size should be considered when administering chemotherapy. 6 Evidence has shown the influence of tumor size on ACT. The JBR.10 trial noted a survival benefit of chemotherapy in stage IB or II patients with tumors ≥ 4 cm. 8 Another study suggested that the effect of chemotherapy appeared to increase with tumor size. 26 Our study found that ACT significantly improved survival in patients aged 21-65 with > 7 cm tumors who did not receive PORT, which supported results showing improvement in survival in patients with tumors > 7 cm. 26 Differing from the outcomes of these studies, however, our matched analysis showed no significant prognostic effect of ACT for tumors ≤ 7 cm, even in patients aged < 65. Different findings may result from the differences in tumor staging classifications, as our study included patients with T4N0 based on the eighth edition.
In IPTW analysis, ACT did not provide a survival benefit for the majority of patients administered PORT. This outcome was consistent with the results of a randomized trial initiated by the Eastern Cooperative Oncology Group. 27 A meta-analysis reported that PORT was detrimental to pN0-1 patients. 28 The use of chemotherapy alone rather than chemoradiotherapy is preferred by some oncologists, but PORT is feasible if not administered prior to surgery. 6 However, it has been shown that patients aged 21-65 with 0-7 cm T4 tumors administered PORT may potentially benefit from ACT. PORT may be effective in patients with positive margins or those who are upstaged N2 after surgery. 29 Further analyses with a larger study population are required to verify these results, as only 14 cases in the placebo group were included in this class (Figs 2,3) .
Our study had certain strengths and limitations that should be noted. First, we identified nationally representative data from the SEER registry. Second, we referred to the eighth edition TNM staging system and focused on T4N0 cases, the clinical care of which has provoked lasting conflict. Because T3 tumors > 7 cm have been redefined as T4, we had a liberal quantity of cases for use in stratification analysis. Additionally, we used PSM and IPTW to minimize confounding bias, directly estimated treatment effect, and compared the outcomes of these two statistical methods. During survival analysis, a longer follow-up period may result in time-dependent covariates being included in the confounding (exposure) factors. 20, 30 However, the SEER registry does not include information from Medicare claims; thus, we have no data on the specific chemotherapy regimens and comorbidity scores, which are part of the clinical assessment of cancer patients. Although the Medicare-linked registry includes more details regarding treatment and comorbidities than the SEER database, younger patients may be registered under diseases other than lung cancer. 31 In addition, our analysis data were mainly from white people; according to the NCCN Guidelines, EGFR mutations are related to the choice of treatment plan and EGFR mutation prevalence is associated with race. 32, 33 Because the SEER database does not contain genetic detection information, the application of the conclusions of our study for all patients is probably limited and requires further investigation. Finally, as previously mentioned, a portion of 0-7 cm tumors should be upgraded from T3 to T4, except for anatomic structures adjacent to the mediastinum; excluding these cases would probably influence the use of our results for all T4N0 NSCLC patients.
In summary, this study specified a group of resected patients aged 21-65 with tumors > 7 cm not administered PORT. These patients could benefit from ACT. The value of chemotherapy combined with PORT for the treatment of T4N0 disease requires further examination.
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